Aldose and aldehyde reductases: correlation of molecular modeling and mass spectrometric studies on the binding of inhibitors to the active site.
Aldose and aldehyde reductases are monomeric NADPH-dependent oxidoreductases that catalyze the reduction of a wide variety of aldehydes and ketones to their corresponding alcohols. The overall three-dimensional structures of the enzymes are composed of similar alpha/beta TIM-barrels, and the active site residues Tyr 50, His 113, and Trp 114 interacting with the hydrophilic heads of inhibitors are conserved. We have used molecular modeling and mass spectrometry to characterize the interactions between the enzymes and three aldose reductase inhibitors: tolrestat, sorbinil, and zopolrestat. Unlike the IC(50) values (concentration of inhibitor giving 50% of inhibition in solution), the Vc(50) values measured by mass spectrometry (accelerating voltage of ions needed to dissociate 50% of a noncovalent complex in the gas phase) for the two enzymes are similar, and they correlate with the electrostatic and hydrogen-bonding energies calculated between the conserved Tyr 50, His 113, and Trp 114 and the inhibitors. The results of our comparison agree with detailed structural information obtained by X-ray crystallography, suggesting that nonconserved residues from the C-terminal loop account for differences in IC(50) values for the two enzymes. Additionally, they confirm our previous assumption that the Vc(50) values reflect the enzyme-inhibitor electrostatic and hydrogen-bonding interactions and exclude the hydrophobic interactions.